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Background & aims: Epidemiologic studies have revealed that early-life conditions inﬂuence later risk of
chronic diseases. We aimed to explore whether exposure to Chinese famine between 1959 and 1962
during fetal and childhood period was related with metabolic syndrome (MS) in adulthood.
Methods: 6445 subjects from SPECT-China study were divided into fetal-exposed (1959e1962),
childhood-exposed (1949e1958), adolescence/young adult-exposed (1921e1948), non-exposed (1963
e1974) and non-exposed (after 1975). MS was deﬁned by the International Diabetes Federation criteria.
Results: The prevalences of MS in the non-exposed (1963e1974), fetal and childhood-exposed were
16.4%, 20.1% and 19.1% in men and 13.5%, 23.7% and 33.5% in women, respectively. After adjustment for
age, compared with non-exposed (1963e1974), fetal and childhood-exposed women had signiﬁcantly
higher prevalences of MS (P < 0.05), but not in men. Famine exposure during the fetal period (OR 1.47,
95% CI 1.05, 2.07) and childhood (OR 1.80, 95% CI 1.22, 2.67) was associated with higher risk of MS in
women after adjusting for age (both P < 0.05). Further adjustments for age, smoking, rural/urban resi-
dence and economic status did not signiﬁcantly attenuate this association.
Conclusions: Exposure to famine in early life had sex-speciﬁc association with MS. It also suggests the
adverse effects of malnutrition might extend beyond the 'ﬁrst 1000 days' and last 9 years.
© 2015 The Authors. Published by Elsevier Ltd and European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Metabolic syndrome (MS) comprises a group of disorders,
including abdominal obesity, hypertension, dyslipidemia and dys-
glycemia that increase the risk of multiple chronic diseases [1].
According to a national survey in 2009, the MS prevalence ranges
from 10.5% to 21.3% based on different deﬁnitions [2].al Diabetes Federation; GDP,
; HDL, high density lipopro-
ic model assessment-insulin
; FPG, fasting plasma glucose.
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.11.010In the past decades, extensive epidemiologic studies have
revealed that early-life conditions, such as nutrition, inﬂuence
later risk of noncommunicable chronic diseases, including
metabolic diseases [3,4]. Undernutrition in early life may
participate in the origins and development of abdominal obesity
[5], insulin resistance [6], hyperglycemia [7,8], hypertension [9]
and hyperlipidemia [10], all of which are the metabolic syn-
drome components.
The famine in China from 1959 to 1962, called China's Great
Famine is considered to be the largest and most severe famine
during the 20th century [11]. About 20e30 million excess deaths
was caused by the famine [12]. It is a catastrophe in human his-
tory, but now it is a valuable chance to investigate the relationship
between famine exposure and MS in Chinese. In China, just two
studies examined this association and revealed a signiﬁcant as-
sociation between famine exposure during fetus and infancy and
higher risk of MS in adulthood [13,14], though the only studycal Nutrition and Metabolism. This is an open access article under the CC BY-NC-ND
n early life and metabolic syndrome in adulthood, Clinical Nutrition
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these studies, they used ATP III [16] and Chinese Diabetes Society
criteria [14]. In the Chinese, International Diabetes Federation
(IDF) criteria is another deﬁnition predicting cardiovascular dis-
ease and diabetes risk [17], which has not been studied. Moreover,
one of them explored sex-speciﬁc effect of famine exposure, but it
was just conducted in one city and its data source was clinic-
based, which may not be generalizable to other areas in China
[14]. Also, van Abeelen et al.'s study indicated the adverse effect of
undernutrition on diabetes could extend beyond the ‘ﬁrst 1000
days’ [18], but no study explored this extension existed in MS after
famine exposure.
Hence, in 2014 we performed an investigation called the Survey
on Prevalence in East China for Metabolic Diseases and Risk Factors
(SPECT-China). We aimed to explore the relationship between
famine exposure in early life and sex-speciﬁc risk of MS based on
the IDF deﬁnition in a general Chinese population.
2. Methods
2.1. Study population
East China consists of Shanghai and 7 provinces and had a
population of approximately 395 people million in 2011, ac-
counting for 29.2% of the population of China. Of these, 99.5% of
the residents are Han Chinese. SPECT-China is a population-
based cross-sectional investigation in East China in 2014 [8,19].
The registration number is ChiCTR-ECS-14005052, http://www.
chictr.org.cn. A stratiﬁed cluster sampling method was applied
to choose a sample of persons 18 years old in the general
population. Stratiﬁcation level was rural/urban area and current
economic status in Shanghai, Jiangxi Province and Zhejiang
Province (Fig. 1). In urban areas, we randomly chose 1 city with a
low economic status and 1 city with a high economic status.
Then, in both cities, we randomly chose 3 districts from which 3
communities were randomly selected. Because the 3 commu-
nities chosen in Jiangxi Province were all very large communities,
to maintain the study feasibility and to avoid oversampling
in this area, we randomly chose 1 community (3 study spots)
from these 3 communities. In rural areas we randomly chose 6
villages with low economic status and 6 villages with high eco-
nomic status. This study was performed in 3 urban sites in
Shanghai, 1 urban site in Jiangxi Province, 3 rural sites in
Shanghai, 3 rural sites in Zhejiang and 6 rural sites in Jiangxi
Province (Supplementary Fig. S1). We advertised our investiga-
tion by cooperation with village and community administrators
of residence registration. Participants were invited by providing
the information of this investigation through house-to-house
visit. Chinese citizens 18 years old lived in their current area
for 6 months were selected. Subjects with severe communica-
tion problems, acute illness and an unwillingness to participate
were excluded. 7927 individuals were selected, and 7200 people
participated in this investigation. The overall response rate was
90.8%. 727 Persons declined during the days when the investi-
gation was carried out because of various unknown or known
reasons, such as business, having had breakfast, unwillingness,
etc. The overall response rate was 90.8%. Age and location of
residence were comparable between the subjects declined and
enrolled. We also excluded subjects who missed lab (n ¼ 183)
and questionnaire data (n ¼ 112), and were <18 years old (n ¼ 6).
In total, 6899 subjects were included in the SPECT-China study
(Fig. 1).
After excluding participants who had missing values of waist
circumference (n ¼ 364), lipid proﬁle (n ¼ 3) and blood pressure
(BP) (n¼ 87), 6445 subjects were included in this study (Fig. 1). ThePlease cite this article in press as: Wang N, et al., The famine exposure i
(2015), http://dx.doi.org/10.1016/j.clnu.2015.11.010Ethics Committee of Shanghai Ninth People's Hospital, Shanghai
JiaoTong University School of Medicine approved this study. All
participants provided written informed consent before data
collection. All procedures followed were in accordance with the
ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008.
2.2. Anthropometric, and laboratory measurements
Information on the demography, medical history and lifestyle
risk factors was collected by trained staff. Current smoking was
deﬁned as having smoked at least 100 cigarettes in one's lifetime
and currently smoking cigarette [20]. Weight, height, waist
circumference and BP were assessed by standard methods [20].
Central obesity was considered if waist circumference 90 cm in
men or 80 cm in women [21]. Body mass index (BMI) was
calculated as weight (kg) divided by height (m) squared.
Venous blood samples were obtained after fasting for at least
8 h. The blood samples for the plasma glucose test were centrifuged
within 1 h after collection. Fasting plasma glucose (FPG), tri-
glycerides (TG) and high density lipoprotein (HDL) were assessed
by Beckman Coulter AU 680 (Germany). Insulin was measured by
chemiluminescence method (Abbott i2000 SR, USA). Insulin resis-
tance was estimated by HOMA-IR: [fasting insulin (mIU/L)]  [FPG
(mmol/L)]/22.5.
2.3. Exposure age and area categories
Famine exposure is set up on a proxy, the birth year. The famine
period was between 1959 and 1962 [22]. Based on the study by van
Abeelen et al. [18], subjects were divided into ﬁve groups based on
their ages when exposed to famine from January 1, 1959 to
December 31, 1962: fetal period (age 52e55 yrs, birth year
1959e1962) (n ¼ 701), childhood (age 56e65 yrs, birth year
1949e1958) (n ¼ 1776), adolescence and young adult (age
66e93 yrs, birth year 1921e1948) (n ¼ 1053), non-exposed (age
40e51 yrs, birth year 1963e1974) (n ¼ 1719) and non-exposed (age
39 yrs, birth year after 1975) (n¼ 1196) [8]. In order to choose the
middle-aged as the reference, we separated the non-exposed group
into two groups: age 40e51 yrs (reference) and age 39 yrs.
Childhood between age 0 and 9 years is a period of rapid growth in
physiology, behavior, and cognition [18,23]. Adolescence and young
adulthood are characterized by a growth spurt, sexual develop-
ment, and gradual realization of physiological homeostasis [18,23].
GDP per person is often considered an indicator of living
standard of an area and general population [23]. Current eco-
nomic status was measured by the GDP per capita in 2013 at each
site [7]. Each of the 16 study sites was allocated to high or low
economic status in comparison with the GDP per capita of the
whole nation (6807 US dollars from World Bank) in 2013. Rural/
urban residence was also chosen as one of the covariates, because
people living in rural or urban area tend to have different preva-
lences of MS [24].
2.4. The deﬁnition of MS
MS was determined based on the International Diabetes
Federation criteria (2005) [21]. A person with MS must have:
abdominal obesity (waist circumference: male 90 cm, female
80 cm, or BMI is 30 kg/m2) plus any two of the following four
parameters: (i) Raised TG  1.7 mmol/L, or treatment for this
dyslipidemia; (ii) Reduced HDL-C <1.03 mmol/L in men or
<1.29 mmol/L in women, or treatment for this dyslipidemia; (iii)
Raised BP: systolic BP  130 or diastolic BP  85 mmHg, orn early life and metabolic syndrome in adulthood, Clinical Nutrition
Fig. 1. Flowchart of sampling frame and participants selected from SPECT-China.
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tory of type 2 diabetes.
2.5. Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics,
Version 22 (IBM Corporation, Armonk, NY, USA). All analyses were
two-sided. P < 0.05 was considered signiﬁcant. Continuous and
categorical variables were expressed as the mean ± standard de-
viation (SD) and a percentage (%), respectively. Characteristics ofPlease cite this article in press as: Wang N, et al., The famine exposure i
(2015), http://dx.doi.org/10.1016/j.clnu.2015.11.010the study sample were compared by analysis of covariance. Age-
adjusted P value was given.
To analyze the relationship among life stages when exposed to
famine, rural/urban areas, economic status and risk of diabetes
in adulthood, logistic regression analysis was used. Separate
males and females were analyzed. Non-exposed (1963e74) was
the reference. Model 1 was adjusted for age. Model 2 was
adjusted for age, rural/urban residence, economic status and
current smoking. The interaction between life stages when
exposed to famine and economic status and rural/urbann early life and metabolic syndrome in adulthood, Clinical Nutrition
N. Wang et al. / Clinical Nutrition xxx (2015) 1e74residence was analyzed by adding a multiplicative factor in the
logistic regression model. Data were expressed as odds ratio (OR)
(95% conﬁdence interval).
3. Results
3.1. Sex-speciﬁc characteristics of participants by life stages when
exposed to famine
The results of MS components by life stages when exposed to
famine are summarized in Table 1. In men, compared with non-
exposed (birth year 1963e74), fetal- or childhood-exposed sub-
jects had signiﬁcantly greater waist circumference, FPG and HDL
(all age-adjusted P < 0.05) but comparable HOMA-IR and lower TG.
In women, however, fetal- and childhood-exposed subjects had
signiﬁcantly higher waist circumference, TG, systolic BP and greater
HOMA-IR (all age-adjusted P < 0.05).
3.2. Sex-speciﬁc prevalence of MS components by life stages when
exposed to famine
The sex-speciﬁc prevalences of MS components are showed in
Table 2. Fetal- or childhood-exposed men had signiﬁcantly higher
prevalence of abdominal obesity and raised FPG (age-adjusted
P < 0.05), compared with non-exposed (birth year 1963e74). In
women, fetal- or childhood-exposed subjects had signiﬁcantly
higher prevalence of abdominal obesity, raised FPG, raised TG and
raised BP (all age-adjusted P < 0.05).
The prevalences of MS in the non-exposed (1963e1974), fetal
and childhood-exposed were 16.4%, 20.1% and 19.1% in men and
13.5%, 23.7% and 33.5% in women, respectively (Fig. 2). After
adjustment for age, compared with non-exposed (1963e1974),
fetal- and childhood-exposed men had comparable prevalence of
MS (age-adjusted P > 0.05) but fetal- and childhood-exposed
women had signiﬁcantly higher prevalences of MS (age-adjusted
P < 0.05).
We also measured the sex-speciﬁc prevalence of metabolic
syndrome among subjects according to the birth years
(1956e1967) (Supplementary Fig. S2). In men we could not
observe some trend or progressive dose-related improvement (P
for trend 0.22). In women, however, the prevalence peaked inTable 1
Metabolic factors of study population by life stages when exposure to famine.
Non-exposed
(1975 and later)
Fetal-exposed
(1959e1962)
Age in 2014 39 52e55
Men
N 504 309
Waist circumference, cm 80.1 ± 9.2 83.9 ± 9.0
FPG, mmol/L 5.1 ± 1.1 5.9 ± 1.3*
HDL, mmol/L 1.29 ± 0.25 1.36 ± 0.31
Triglycerides, mmol/L 1.94 ± 2.30 1.98 ± 1.43*
Systolic BP, mmHg 123 ± 16 130 ± 20
Diastolic BP, mmHg 76 ± 11* 82 ± 12
HOMA-IR 1.64 ± 2.35 1.41 ± 1.30
Women
N 692 392
Waist circumference, cm 69.6 ± 8.0 77.4 ± 8.7*
FPG, mmol/L 5.1 ± 0.5 5.7 ± 1.3
HDL, mmol/L 1.51 ± 0.29 1.52 ± 0.31
Triglycerides, mmol/L 1.07 ± 0.65* 1.77 ± 2.22*
Systolic BP, mmHg 112 ± 13 130 ± 18*
Diastolic BP, mmHg 70 ± 10* 79 ± 12*
HOMA-IR 1.29 ± 0.85 1.68 ± 1.87*
BP, blood pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein.
Data were expressed as the mean ± SD. *age-adjusted P < 0.05, compared with non-exp
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improvement from subjects born in 1959 to those in 1962 (P for
trend <0.001).
3.3. Association of life stage when exposure to famine with MS
Table 3 provides the association of famine exposure with MS. In
fetal- and childhood-exposed women, the OR of MS was 1.47 (95%
CI 1.05, 2.07) and 1.80 (95% CI 1.22, 2.67) (both P < 0.05), signiﬁ-
cantly greater than that in the non-exposed group (birth year
1963e1974) after adjusting for age (Table 3, model 1). Adjustment
for smoking, rural/urban residence and economic status did not
attenuate the association (Table 3, model 2) and the OR of MS
reached 1.53 (95% CI 1.08, 2.17) and 1.95 (95% CI 1.30, 2.93) in fetal-
and childhood-exposed women (both P < 0.05). No interaction was
found between life stage when exposure to famine and economic
status or rural/urban residence (both P > 0.05). There was no
similar association observed among fetal or childhood-exposed
males (both P > 0.05).
4. Discussion
In this study, a signiﬁcant relationship existed between famine
exposure in utero and during childhood (0e9 years) and MS
deﬁned by IDF criteria in general Chinese women, though this as-
sociation was not observed in men. This study added evidence to
the DOHaD (developmental origins of health and disease) hy-
pothesis [3] and suggests the adverse effects of malnutrition might
extend beyond the ‘ﬁrst 1000 days’.
The current study adds new and further evidence to previous
studies. Based on the national survey data in 2002, Yanping Li et al.
found exposure to the Chinese famine in utero and during infancy
(0e2 years) is related with a higher risk of MS in adulthood [13].
The risk increased about one to two times compared with nonex-
posed [13]. But in that study, sex-speciﬁc analysis was not per-
formed. In the other study in China, X Zheng et al. also
demonstrated that females exposed to the Chinese famine in utero
and during infancy (0e2 years) had higher risk of MS, but notmales
[14]. This ﬁnding is consistent with ours. However, their study
population was from annual physical examinations in 2008 in one
hospital in Chongqing, so selection bias may not be excluded andChildhood-exposed
(1949e1958)
Adolescence/adult-exposed
(1921e1948)
Non-exposed
(1963e1974)
56e65 66e93 40e51
749 467 709
83.6 ± 9.5* 83.5 ± 9.7* 82.9 ± 8.8
5.9 ± 1.6 5.9 ± 1.3 5.6 ± 1.4
1.41 ± 0.34* 1.44 ± 0.35* 1.34 ± 0.29
1.80 ± 1.83* 1.54 ± 1.35* 2.24 ± 2.31
135 ± 19 143 ± 21 128 ± 18
82 ± 13 79 ± 12* 82 ± 13
1.49 ± 2.26 1.45 ± 2.04 1.38 ± 1.53
1027 586 1010
79.6 ± 9.3* 81.6 ± 10.2 74.1 ± 8.2
5.8 ± 1.3 6.0 ± 1.5 5.4 ± 1.0
1.53 ± 0.33 1.55 ± 0.33 1.52 ± 0.31
1.69 ± 1.17* 1.68 ± 1.28 1.31 ± 1.11
135 ± 21* 144 ± 22* 122 ± 18
78 ± 12 78 ± 12 75 ± 12
1.73 ± 2.62* 1.73 ± 2.39 1.42 ± 1.28
osed (1963e1974).
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Table 2
Prevalence of components of metabolic syndrome by life stages when exposure to famine.
Non-exposed
(1975 and later)
Fetal-exposed
(1959e1962)
Childhood-exposed
(1949e1958)
Adolescence/adult-exposed
(1921e1948)
Non-exposed
(1963e1974)
Age in 2014 39 52e55 56e65 66e93 40e51
Men
N 504 309 749 467 709
Central obesity, % 14.3 25.2 25.6* 29.8* 23.8
Raised FPG, % 13.3* 46.3* 49.0* 54.2 30.3
Raised triglycerides, % 33.5* 48.2 37.2* 28.3* 48.0
Reduced HDL, % 12.9 13.3 10.7 9.6 13.0
Raised BP, % 35.1 59.5 67.6 81.4 53.0
Current smoker, % 31.5* 60.5 52.8 44.7* 51.7
Women
N 692 392 1027 586 1010
Central obesity, % 11.6 38.8* 48.8* 59.2 24.8
Raised FPG, % 15.5* 37.0 50.7* 55.1 30.4
Raised triglycerides, % 9.8* 34.4* 36.8* 33.4 17.8
Reduced HDL, % 22.0 24.7 24.0 21.2* 23.8
Raised BP, % 13.0 55.9* 65.1 78.3 33.4
Current smoker, % 1.5 1.1 2.5 7.1 0.9
BP, blood pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein.
Data were expressed as the mean ± SD. *age-adjusted P < 0.05, compared with non-exposed (1963e1974).
Fig. 2. Prevalences of metabolic syndrome in different life stages when exposure to
famine. *age-adjusted P value, compared with non-exposed (1963e1974).
Table 3
Association of life stage when exposure to famine with metabolic syndrome.
Model 1 Model 2
Men
Non-exposed (1975 and later) 0.87 (0.51, 1.47) 0.88 (0.51, 1.52)
Fetal-exposed (1959e1962) 0.95 (0.64, 1.40) 0.93 (0.62, 1.39)
Childhood-exposed (1949e1958) 0.65 (0.40, 1.05) 0.62 (0.37, 1.02)
Adolescence/adult-exposed
(1921e1948)
0.48 (0.22, 1.04) 0.51 (0.23, 1.13)
Non-exposed (1963e1974) 1.00 (Ref) 1.00 (Ref)
Women
Non-exposed (1975 and later) 0.57 (0.35, 0.91)* 0.53 (0.32, 0.86)*
Fetal-exposed (1959e1962) 1.47 (1.05, 2.07)* 1.53 (1.08, 2.17)*
Childhood-exposed (1949e1958) 1.80 (1.22, 2.67)* 1.95 (1.30, 2.93)*
Adolescence/adult-exposed
(1921e1948)
1.45 (0.77, 2.73) 1.57 (0.82, 3.02)
Non-exposed (1963e1974) 1.00 (Ref) 1.00 (Ref)
Data were odds ratio (95% CI), whichwere calculated by logistic regressionmodels. *
indicated P < 0.05.
Model 1 included terms for age. Model 2 included terms for age, smoking, rural/
urban residence, economic status.
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China. Regarding MS components, studies from Chinese and other
famines also support our ﬁndings. Pre- or postnatal exposure to
famine was related with higher risk of obesity [5,22,25], hyper-
glycemia [6e8], and hypertension in adult life [26,27].
However, there is no signiﬁcant association found between
famine exposure and MS in the study based on Dutch Famine [15].
The main reason might be the different duration and severity of the
famine. The China's Great Famine in China haunts the memories of
the Chinese people. In comparison with the Dutch Famine, the
China's Great Famine lasted longer and affected more people [22].
The Dutch Famine happened between November 1944 and May
1945 [15], which means the time frame did not contain the whole
gestation period. Whereas, MS components have various underly-
ing origins and the so-called critical periods, which means organs
and tissues are more susceptible to malnutrition in certain periods
of rapid development. For example, microalbuminuria is related to
exposure in midgestation [28] but dyslipidemia [29] and obesity [5]
are associated with exposure in early gestation.
Gender-speciﬁc association was observed, but why? First, af-
ter birth, girls may suffer from severer famine. In traditional
Chinese values, sons are of greater importance than daughters.n early life and metabolic syndrome in adulthood, Clinical Nutrition
N. Wang et al. / Clinical Nutrition xxx (2015) 1e76When children were exposed to famine, the average welfare of
the surviving girls is much worse than that of boys during
childhood. Thus, preferring sons may worsen females' health
outcomes including glucose and lipid metabolism in later life
[11]. Second, mortality selection may be a more important factor.
During famine period, male's excess mortality rate is often higher
female's, particularly for fetus and infants [11]. Because of more
susceptivity to adverse environmental conditions, male fetuses
have a lower chance to survive [30]. The reason may be that in
the uterus, boys grow more quickly and may need to retain an
enlarged placenta at the cost of their own nutrition, which makes
them more risky of becoming malnourished [30]. The male sur-
vivors might be healthier after famine. Thus, the mortality se-
lection may conceal the real health consequence of the famine on
male and male survivors as adults may have better metabolic
outcomes as in our and previous studies [11,14].
Our study has some strengths. First, the same trained staff car-
ried out all the data collection in each site, so this study had strong
quality control. Second, our study enrolled community-dwelling
men and women living in multiple sites in China, not a clinic-
based population, so the results may be more representative.
Some limitations also exist. First, this is an observational study,
and different age groups were taken into analysis but not the
famine and non-famine exposure groups with comparable age.
However, this has to be an observational study. Because the Chi-
nese great famine swept across all the areas in China [22], we
could ﬁnd no place where people did not suffer from famine. Thus
the reality determines the nature and method of the study. It is
still a previous chance for us to look into the long-term effect of
undernutrition in early life. Second, we assumed that subjects
were born in the same site and did not transfer from other areas,
but that might not be the case. However, although population
mobility is increasing in China, permanent residency acquisition
still has strict and advanced requirements and must be approved
by the Chinese government. Moreover, about 97.4% of the rural
population still lived in their birthplaces [7]. Thirdly, other
possible confounders were not included such as birth weight,
avoidance of malnutrition because of some privileges, and the
dilution of some starved fetuses or infants born later than the
famine exposure windows. It may not be easy to judge who were
really privileges at that time. Also the privileges might be a very
small part of people, which might not signiﬁcantly affect the re-
sults in this large population. Moreover, this study included 1962
when population was increasing, and therefore, may have already
included part of mothers who were still starving after the famine
had been relieved elsewhere since 1961. However, future studies
are needed to study the underlying mechanism and adjust more
potential covariates to conﬁrm this association.
In conclusion, there was a signiﬁcant association between
exposure to China's great famine in utero and during childhood
(0e9 years) and MS in Chinese women, but not in men. This study
also suggests the adverse effects of undernutrition might extend
beyond the ‘ﬁrst 1000 days’ and last 9 years. This may partly explain
why there is such a high prevalence of MS including diabetes in
China [20].
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